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1
DEVELOPMENT DEVICE AND IMAGE
FORMING APPARATUS INCLUDING THE
SAME

INCORPORATION BY REFERENCE

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2012-270973, filed
Dec. 12, 2012. The contents of this application are incor-
porated herein by reference in their entirety.

BACKGROUND

The present disclosure relates to development devices and
image forming apparatuses including a development device.

In such image forming apparatuses, a latent image is
formed on a surface of an image bearing member including
a photosensitive member etc., and the latent image is devel-
oped into a visible toner image by the development device.
The development is performed, for example, by the two-
component development technique, which uses a two-com-
ponent developer. The development device which is
employed in the two-component development technique
includes a developer container, a development roller, and a
mixing/transporting member. The developer container stores
a two-component developer containing magnetic carrier
particles and toner particles. The development roller sup-
plies the developer to the image bearing member. The
mixing/transporting member transports the developer in the
developer container while mixing the developer, to supply
the developer to the development roller.

In the development device employed in the two-compo-
nent development technique, the toner is consumed during
development. On the other hand, the carrier particles are
circulated in the development device without being con-
sumed. Therefore, the carrier particles deteriorate over time
in the development device. As a result, the toner charging
performance of the carrier particles gradually becomes
lower.

Therefore, some techniques of reducing or preventing the
deterioration in the charging performance of the carrier
particles have been proposed. For example, in order to
reduce or prevent the deterioration in the charging perfor-
mance, a development device is configured so that a new
supply of the carrier-containing developer is added to the
developer container, and some excess developer is dis-
charged from the developer container. In such a develop-
ment device, a developer outlet is formed on the developer
container. The developer outlet is an opening through which
the developer is discharged.

Incidentally, when the development device is initially
driven, damage to the development device is likely to occur
due to friction between its members, such as the develop-
ment roller etc. In order to reduce or prevent the occurrence
of the damage, the development device is previously loaded
with the developer. The amount of the developer previously
loaded is set to such a value that a layer of toner can be
formed on the development roller.

Therefore, when the development device with the devel-
oper outlet is transported with it being mounted in the body
of an image forming apparatus or with it being packed
separately from the body of an image forming apparatus, the
developer loaded in the development device is likely to leak
through the developer outlet and scatter due to vibration,
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shock, etc. during transportation. The scattering developer
contaminates the inside of the image forming apparatus, for
example.

SUMMARY

A development device according to an example of the
present disclosure includes a developer container, a devel-
oper bearing member, a mixing/transporting member, an
opening/closing member, and a drive mechanism. The
developer container contains a developer. The developer
bearing member is rotatably supported by the developer
container. The developer bearing member also has a surface
facing an image bearing member on which an electrostatic
latent image is to be formed. The developer is borne on the
surface of the developer bearing member. The mixing/
transporting member mixes and transports the developer in
the developer container. The opening/closing member opens
and closes a developer outlet for discharging an excess of the
developer in the developer container. The drive mechanism
drives the opening/closing member in association with driv-
ing of the developer bearing member or the mixing/trans-
porting member to open the developer outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view schematically showing an
overall configuration of an image forming apparatus accord-
ing to one embodiment of the present disclosure.

FIG. 2 is a cross-sectional side view showing a structure
of a development device according to one embodiment of
the present disclosure.

FIG. 3 is a cross-sectional plan view showing a structure
of'a lower portion of the development device of the embodi-
ment of the present disclosure.

FIG. 4 is a cross-sectional plan view showing a structure
in the vicinity of a developer discharge portion of the
development device of the embodiment of the present dis-
closure.

FIG. 5 is a perspective view showing a structure in the
vicinity of a shutter of the development device of the
embodiment of the present disclosure.

FIG. 6 is a perspective view showing an outlet in the
closed state of the development device of the embodiment of
the present disclosure as viewed from below.

FIG. 7 is a perspective view showing the outlet in the open
state of the development device of the embodiment of the
present disclosure as viewed from below.

FIG. 8 is a cross-sectional view showing structures of the
shutter and a drive gear of the development device of the
embodiment of the present disclosure.

DETAILED DESCRIPTION

An embodiment of the present disclosure will now be
specifically described with reference to the accompanying
drawings. Note that the same reference characters designate
the same or corresponding parts throughout the several
views, and will not be redundantly described.

A structure of an image forming apparatus 1 according to
one embodiment of the present disclosure will be described
with reference to FIG. 1. FIG. 1 is a cross-sectional view
schematically showing an overall configuration of the image
forming apparatus 1 of this embodiment.

The image forming apparatus 1 is a tandem color printer.
The image forming apparatus 1 includes photosensitive
drums (image bearing members) 11a-11d which are rotat-
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able. The photosensitive drums 11a-11d may each be an
organic photosensitive member (OPC photosensitive mem-
ber) including an organic photosensitive layer, an amor-
phous silicon photosensitive member including an amor-
phous silicon photosensitive layer, etc. The photosensitive
drums 11a-11d are arranged, corresponding to magenta,
cyan, yellow, and black, respectively. Development devices
2a-2d, an exposure unit 12, chargers 13a-13d, and cleaning
devices 14a-14d are provided around the photosensitive
drums 11a-114.

The development devices 2a-2d are arranged to the right
of the photosensitive drums 11a-11d, facing the photosen-
sitive drums 11a-11d, and supply toner to the photosensitive
drums 11a-11d. As used herein, the terms “right” and “left”
refer to directions in the drawings to which reference is
made. The chargers 13a-13d are arranged upstream of the
development devices 2a-2d in the rotational direction of the
photosensitive drums 11a-11d, facing surfaces of the pho-
tosensitive drums 11a-114d. The chargers 13a-13d uniformly
charge the surfaces of the photosensitive drums 11a-114d.

The exposure unit 12 is provided below the development
devices 2a-2d. The exposure unit 12 exposes each of the
photosensitive drums 11a-114 to light in a scanning manner
based on image data of characters, graphics, etc. input to an
image input unit (not shown) from a personal computer etc.
As used herein, the terms “below” and “above” refer to
directions in the drawings to which reference is made. The
exposure unit 12 includes laser light sources and a polygon
mirror. The exposure unit 12 includes at least one reflecting
mirror and a lens for each of the photosensitive drums
11a-11d. Laser light emitted from the laser light sources is
brought from downstream of the chargers 13a-134 in the
rotational direction of the photosensitive drums 11a-11d,
each via the polygon mirror, the at least one reflecting
mirror, and the lens, to the surfaces of the photosensitive
drums 11a-11d. The laser light thus brought allows an
electrostatic latent image to be formed on the surface of each
of the photosensitive drums 11a-11d. These electrostatic
latent images are developed to toner images by the devel-
opment devices 2a-2d.

An intermediate transfer belt 17 which is an endless loop
is supported by a tension roller 6, a drive roller 25, and an
idler roller 27 with tension being exerted on the intermediate
transfer belt 17. The drive roller 25 is driven by a motor (not
shown) to rotate. The intermediate transfer belt 17 is driven
by the rotation of the drive roller 25 to circulate.

The photosensitive drums 11a-11d are arranged below the
intermediate transfer belt 17 to be in contact with the
intermediate transfer belt 17 and adjacent to each other
along a conveyance direction (a direction indicated by an
arrow in FIG. 1). Primary transfer rollers 26a-26d face the
photosensitive drums 11a-11d, respectively, with the inter-
mediate transfer belt 17 being interposed therebetween. The
primary transfer rollers 26a-26d, which are pressed against
the intermediate transfer belt 17, form a primary transfer
portion with the photosensitive drums 11a-11d. In the pri-
mary transfer portion, the toner images are transferred to the
intermediate transfer belt 17. Specifically, while the inter-
mediate transfer belt 17 is rotated, the toner images of the
photosensitive drums 11a-11d are sequentially transferred to
the intermediate transfer belt 17 at predetermined timings.
As a result, a full-color toner image is formed on a surface
of the intermediate transfer belt 17. The full-color toner
image is a superimposition of the toner images of the four
colors, i.e., magenta, cyan, yellow, and black.

A secondary transfer roller 34 faces the drive roller 25
with the intermediate transfer belt 17 being interposed
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therebetween. The secondary transfer roller 34, which is
pressed against the intermediate transfer belt 17, forms a
secondary transfer portion with the drive roller 25. In the
secondary transfer portion, the toner image on the surface of
the intermediate transfer belt 17 is transterred to paper P.
After the transfer of the toner image, a belt cleaning device
31 removes residual toner from the intermediate transfer belt
17.

A paper feed cassette 32 is provided at a lower position in
the image forming apparatus 1. A stack tray 35 is provided
to the right of the paper feed cassette 32. The paper feed
cassette 32 accommodates the paper P. The stack tray 35
supplies paper that is manually fed. A first paper conveyance
path 33 is provided to the left of the paper feed cassette 32.
The first paper conveyance path 33 conveys the paper P fed
from the paper feed cassette 32 to the secondary transfer
portion of the intermediate transfer belt 17. A second paper
conveyance path 36 is provided to the left of the stack tray
35. The second paper conveyance path 36 conveys paper fed
from the stack tray 35 to the secondary transfer portion. A
fixing unit 18 and a third paper conveyance path 39 are
provided at an upper left position in the image forming
apparatus 1. The fixing unit 18 performs a fixing process on
the paper P on which an image has been formed. The third
paper conveyance path 39 conveys to the paper output unit
37 the paper P on which the fixing process has been
performed.

The paper feed cassette 32 can be pulled out of the body
of'the image forming apparatus 1 (toward the viewer of FIG.
1). As a result, a new supply of paper P can be added to the
paper feed cassette 32. The paper P accommodated in the
paper feed cassette 32 is fed to the first paper conveyance
path 33 by a pickup roller 335 and a stacking roller 33a, one
sheet at a time.

The first paper conveyance path 33 and the second paper
conveyance path 36 converge before a registration roller pair
33c. The registration roller pair 33¢ conveys the paper P to
the secondary transfer portion. The registration roller pair
33¢ adjusts the timing of a paper feed operation to the
secondary transfer portion in relation to an image formation
operation of the intermediate transfer belt 17. The full-color
toner image on the intermediate transfer belt 17 is trans-
ferred (secondary transfer) to the paper P conveyed to the
secondary transfer portion by the secondary transfer roller
34 to which a bias potential is applied. The paper P with the
transferred full-color toner image is conveyed to the fixing
unit 18.

The fixing unit 18 includes a fixing belt, a fixing roller, a
pressure roller, etc. The fixing belt is heated by a heater. The
fixing roller is in contact with the inner surface of the fixing
belt. The pressure roller is pressed against the fixing roller
with the fixing belt being interposed therebetween. The
fixing unit 18 heats and presses the paper P with the
transferred toner image. Thus, the fixing process is per-
formed. After the toner image is fixed to the paper P by the
fixing unit 18, the paper P is optionally reversed in a fourth
paper conveyance path 40. As a result, a toner image is
transferred (secondary transfer) to the back side of the paper
P by the secondary transfer roller 34, and is then fixed by the
fixing unit 18. The paper P with the fixed toner image is
passed through the third paper conveyance path 39, and is
then discharged to the paper output unit 37 by a discharge
roller pair 19.

Next, a detailed structure of the development device 2a
will be described with reference to FIG. 2. FIG. 2 is a
cross-sectional side view showing a structure of a develop-
ment device 2 (2a). In the description that follows, a
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structure and an operation of the development device 2a in
relation to the photosensitive drum 11a of FIG. 1 will be
described. Structures and operations of the development
devices 2b-2d are similar to those of the development device
2a and will not be described. Also in the description that
follows, the reference characters a-d indicating the different
colors of the development devices and the photosensitive
members are removed.

As shown in FIG. 2, the development device 2 includes a
development roller (developer bearing member) 20, a mag-
netic roller 21, a regulating blade 24, a mixing/transporting
member 42, a developer container 22, etc.

The developer container 22 forms an outer shell of the
development device 2. A lower internal portion of the
developer container 22 is partitioned into a first transport
chamber 22¢ and a second transport chamber 224 by a
partitioning portion 22b. The first and second transport
chambers 22¢ and 22d accommodate a developer containing
carrier particles and toner particles. The mixing/transporting
member 42, the magnetic roller 21, and the development
roller 20 are rotatably held by the developer container 22.
The developer container 22 has an opening 22a. The devel-
opment roller 20 is exposed through the opening 22a to the
photosensitive drum 11.

The development roller 20 is arranged to the right of the
photosensitive drum 11, facing the photosensitive drum 11.
There is a predetermined gap between the development
roller 20 and the photosensitive drum 11. The development
roller 20 forms a development region D for supplying toner
to the photosensitive drum 11. The development region D is
formed at a position where the development roller 20 is close
to the photosensitive drum 11. The magnetic roller 21 is
arranged diagonally below and to the right of the develop-
ment roller 20, facing the development roller 20. There is a
predetermined gap between the magnetic roller 21 and the
development roller 20. Toner is supplied from the magnetic
roller 21 to the development roller 20 at a position where the
magnetic roller 21 is close to the development roller 20. The
mixing/transporting member 42 is arranged generally below
the magnetic roller 21. The regulating blade 24 is arranged
diagonally below and to the left of the magnetic roller 21 and
is held by the developer container 22.

The mixing/transporting member 42 includes two spirals,
i.e., a first spiral 43 and a second spiral 44. The second spiral
44 is provided in the second transport chamber 224 below
the magnetic roller 21. The first spiral 43 is provided in the
first transport chamber 22¢ and is right-adjacent to the
second spiral 44.

The first and second spirals 43 and 44 mix the developer
so that the toner in the developer is charged to a predeter-
mined potential level. As a result, the toner is held by the
carrier particles. A communication portion (an upstream
communication portion 22¢ and a downstream communica-
tion portion 22f described below) is provided at both end
portions in the longitudinal direction (a direction perpen-
dicular to the drawing sheet of FIG. 2) of the partitioning
portion 225 partitioning the first transport chamber 22¢ from
the second transport chamber 22d. These communication
portions allow the charged developer to circulate through the
first and second transport chambers 22¢ and 22d when the
first and second spirals 43 and 44 are rotated. The developer
is also supplied from the second spiral 44 to the magnetic
roller 21.

The magnetic roller 21 includes a roller shaft 21q, a
magnetic pole member M, and a non-magnetic sleeve 215 of
a non-magnetic material. The magnetic roller 21 bears the
developer supplied from the mixing/transporting member

10

15

20

25

30

35

40

45

50

55

60

6

42, and supplies only toner from the borne developer to the
development roller 20. The magnetic pole member M
includes a plurality of magnets. Each magnet has a cross-
sectional shape of a sector. An outer circumferential portion
of the magnetic pole member M is formed by outer circum-
ferential portions of the magnets (outer circumferential
portions (outer arc portions) of the sectors). Specifically, at
the outer circumferential portion of the magnetic pole mem-
ber M, the outer circumferential portions of the magnets
having different polarities are alternately arranged. Inner
circumferential portions of the magnets (inner circumferen-
tial portions (inner arc portions) of the sectors) are fixed to
the roller shaft 21a by adhesion etc. In the non-magnetic
sleeve 215, the roller shaft 214 is supported by the developer
container 22 and not allowed to rotate, with a predetermined
gap being provided between the magnetic pole member M
and the non-magnetic sleeve 215. The non-magnetic sleeve
215 is rotated in the same direction (the clockwise direction
of FIG. 2) as that of the development roller 20 by a drive
mechanism including a motor and a gear (not shown). A bias
is applied to the non-magnetic sleeve 215. The bias is
generated by superimposing an alternating-current voltage
on a direct-current voltage. On the surface of the non-
magnetic sleeve 215, the magnetic force of the magnetic
pole member M causes the charged developer to form a
magnetic brush. The magnetic brush is borne on the surface
of the non-magnetic sleeve 215. The magnetic brush is
adjusted to a predetermined height by the regulating blade
24.

When the non-magnetic sleeve 215 is rotated, the mag-
netic brush is transported to come into contact with the
development roller 20. At that time, only toner of the
magnetic brush is supplied to the development roller 20 in
response to the bias applied to the non-magnetic sleeve 215.

The development roller 20 includes a fixed shaft 20q, a
magnetic pole member 205, a development sleeve 20, etc.
The magnetic pole member 205 includes a magnet. The
development sleeve 20 is formed of a non-magnetic metal
material in the shape of a cylinder.

The fixed shaft 20a is supported by the developer con-
tainer 22 and not allowed to rotate. A development sleeve
20c is rotatably held by the fixed shaft 20a. The magnetic
pole member 205 is fixed to the fixed shaft 20a by adhesion
etc. The development sleeve 20c is arranged to face the
magnetic roller 21. There is a predetermined gap between
the development sleeve 20¢ and the magnetic roller 21. The
development sleeve 20c is rotated in a direction indicated by
an arrow in FIG. 2 (a clockwise direction) by a drive
mechanism including a motor and a gear (not shown). A
development bias is applied to the development sleeve 20c.
The development bias is generated by superimposing an
alternating-current voltage on a direct current voltage.

When the development sleeve 20¢ to which the develop-
ment bias is applied is rotated in the clockwise direction of
FIG. 2, the toner borne on the surface of the development
sleeve 20c is caused to fly toward the photosensitive drum
11, in the development region D, due to a difference between
the electrical potential of the development bias and the
electrical potential of an exposed portion of the photosen-
sitive drum 11. The flying toner successively adheres to the
exposed portion of the photosensitive drum 11 rotating in a
direction indicated by an arrow A (a counterclockwise
direction). As a result, the electrostatic latent image formed
on the photosensitive drum 11 is developed.

Next, a mixing portion of the development device 2 will
be described in detail with reference to FIGS. 3-8. FIG. 3 is
a cross-sectional plan view showing a structure of a lower
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portion of the development device 2. FIG. 4 is a cross-
sectional plan view showing a structure in the vicinity of a
developer discharge portion of the development device 2.
FIG. 5 is a perspective view showing a structure in the
vicinity of a shutter of the development device 2. FIG. 6 is
a perspective view showing an outlet in the closed state of
the development device 2 as viewed from below. FIG. 7 is
a perspective view showing the outlet in the open state of the
development device 2 as viewed from below. FIG. 8 is a
cross-sectional view showing structures of the shutter and a
drive gear of the development device 2.

As shown in FIG. 3, the developer container 22 includes,
as described above, the first transport chamber 22¢, the
second transport chamber 22d, the partitioning portion 225,
the upstream communication portion 22e, and the down-
stream communication portion 22f. In addition, the devel-
oper container 22 includes a developer replenishment open-
ing 22g, a developer discharge portion 224, an upstream
sidewall portion 22/, and a downstream sidewall portion 22;.
In the first transport chamber 22¢, the left side of FIG. 3 is
the upstream side thereof, and the right side of FIG. 3 is the
downstream side thereof. On the other hand, in the second
transport chamber 22d, the right side of FIG. 3 is the
upstream side thereof, and the left side of FIG. 3 is the
downstream side thereof. Therefore, the communication
portions and the sidewall portions are each designated by
“upstream” or “downstream” with reference to the second
transport chamber 22d.

The partitioning portion 225 extends in the longitudinal
direction of the developer container 22 to partition the first
transport chamber 22¢ from the second transport chamber
22d so that the first and second transport chambers 22¢ and
22d are arranged in parallel to each other. A right end portion
of the partitioning portion 225 and an inner wall portion of
the upstream sidewall portion 22i form the upstream com-
munication portion 22e. On the other hand, a left end portion
of the partitioning portion 225 and an inner wall portion of
the downstream sidewall portion 22; form the downstream
communication portion 22f. The developer is allowed to
circulate through the first transport chamber 22¢, the
upstream communication portion 22e, the second transport
chamber 22d, and the downstream communication portion
22f

The developer replenishment opening 22g is used to add
a new supply of toner particles and carrier particles from a
developer replenishment container (not shown) to the devel-
oper container 22. The developer replenishment container is
provided above the developer container 22. The developer
replenishment opening 22g is formed on an upper portion on
an upstream side (a left side of FIG. 3) of the first transport
chamber 22c.

The developer discharge portion 22/ is used to discharge
some excess developer which occurs due to the replenish-
ment of the developer in the first and second transport
chambers 22¢ and 22d. The developer discharge portion 22/
is a cylindrical pipe-like transport path. The developer
discharge portion 22/ is provided downstream of and con-
tiguous to the second transport chamber 224 in the longi-
tudinal direction of the second transport chamber 224.

The first spiral 43 is provided in the first transport
chamber 22¢, and the second spiral 44 is provided in the
second transport chamber 22d.

The first spiral 43 has a rotating shaft 435 and a first
helical blade 43a. The first helical blade 43¢ is integrated
with the rotating shaft 4356. The first helical blade 43¢ is in
the shape of a helix extending in the axial direction of the
rotating shaft 435 with a constant pitch. The first helical
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blade 43a extends to both end portions in the longitudinal
direction of the first transport chamber 22¢. The first helical
blade 43a partially faces the upstream and downstream
communication portions 22e and 22f. The rotating shaft 435
is rotatably supported by the upstream sidewall portion 22/
and the downstream sidewall portion 22; of the developer
container 22.

The second spiral 44 has a rotating shaft 445 and a second
helical blade 44a. The second helical blade 44a is integrated
with the rotating shaft 445. The second helical blade 44aq is
in the shape of a helix extending in the axial direction of the
rotating shaft 446 with the same pitch as that of the first
helical blade 43a. The second helical blade 44a has a
handedness opposite to that of the first helical blade 43a. The
second helical blade 44a also has a length which is greater
than or equal to that of the magnetic roller 21 in the axial
direction of the magnetic roller 21. The second helical blade
44a partially faces the upstream communication portion 22e.
The rotating shaft 446 and the rotating shaft 436 are
arranged in parallel to each other. The rotating shaft 445 is
rotatably supported by the upstream sidewall portion 22i and
the downstream sidewall portion 22; of the developer con-
tainer 22.

In addition to the second helical blade 44a, the rotating
shaft 445 is integrated with a deceleration transport portion
51, a regulation portion 52, and a discharge blade 53.

The deceleration transport portion 51 includes a helical
blade having the same handedness as that of the second
helical blade 44a. The helical blade of the deceleration
transport portion 51 has the same outer diameter as that of
the second helical blade 44a. The helical blade of the
deceleration transport portion 51 has a smaller pitch than
that of the second helical blade 44a. The pitch of the helical
blade of the deceleration transport portion 51 is Y- of the
pitch of the second helical blade 44a. The helical blade of
the deceleration transport portion 51 faces the downstream
communication portion 22f. Note that the helical blade of the
deceleration transport portion 51 may not completely face
the entire width of the opening of the downstream commu-
nication portion 22f. In this case, a portion of the helical
blade closer to the regulation portion 52 preferably faces the
opening of the downstream communication portion 22f.

The regulation portion 52 blocks the developer trans-
ported to a downstream portion of the second transport
chamber 22d, and transports the developer in excess of a
predetermined amount to the developer discharge portion
22h. The regulation portion 52 includes a helical blade
provided on the rotating shaft 445. The helical blade of the
regulation portion 52 has a handedness opposite to that of
the second helical blade 44a. The helical blade of the
regulation portion 52 has substantially the same outer diam-
eter as that of the second helical blade 44a. The helical blade
of the regulation portion 52 has a smaller pitch than that of
the second helical blade 44a. There is a gap having a
predetermined size between inner wall portions (the down-
stream sidewall portion 22j, etc.) of the developer container
22 and an outer circumferential portion of the regulation
portion 52. The excess of the developer is discharged
through the gap.

The rotating shaft 445 extends to the inside of the devel-
oper discharge portion 22/. The discharge blade 53 is
provided on the rotating shaft 4456 in the developer discharge
portion 224. Therefore, when the rotating shaft 445 is
rotated, the discharge blade 53 is also rotated. The discharge
blade 53 includes a helical blade having the same handed-
ness as that of the second helical blade 44a. The discharge
blade 53 has a smaller pitch than that of the second helical
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blade 44a. The discharge blade 53 has a smaller outer
diameter than that of the second helical blade 44a. There-
fore, when the rotating shaft 444 is rotated, the excess
developer which has been transported over the regulation
portion 52 into the developer discharge portion 22/ is
transported to the left side of FIG. 3, and is then discharged
from the developer container 22. The discharge blade 53, the
regulation portion 52, the deceleration transport portion 51,
and the second helical blade 44a may be formed of a
synthetic resin and molded integrally with the rotating shaft
44b.

An outlet (developer outlet) 65 (see FIG. 4) is formed in
a lower portion of an outer circumferential surface of the
developer discharge portion 22/4. The outlet 65 is in com-
munication with a transport pipe (not shown). The transport
pipe is used to transport the developer to a collecting
container (not shown). A shutter (opening/closing member)
70 is mounted on the outer circumferential surface of the
developer discharge portion 22/. The shutter 70 opens and
closes the outlet 65.

Gears 61-64 are provided on an outer wall of the devel-
oper container 22. The gears 61 and 62 are firmly attached
to the rotating shaft 435. The gear 64 is firmly attached to the
rotating shaft 44b. The gear 63 is rotatably held by the
developer container 22 and engaged with the gears 62 and
64.

As shown in FIGS. 3 and 4, the second spiral 44 includes
the deceleration transport portion 51. Specifically, the decel-
eration transport portion 51 is provided upstream of the
regulation portion 52 in a developer transport direction (a
direction indicated by an open arrow in FIG. 4). The
deceleration transport portion 51 is also located immediately
close to the regulation portion 52, facing the downstream
communication portion 22f

When the rotating shaft 445 is rotated, the developer is
transported at a relatively high rate in a region of the second
transport chamber 224 where the second helical blade 44a is
provided. In contrast to this, because the helical blade of the
deceleration transport portion 51 has a smaller pitch than
that of the second helical blade 44a, the transport rate of the
developer is decreased in a region of the second transport
chamber 224 where the deceleration transport portion 51 is
provided.

Therefore, during development, when the gear 61 is
rotated by a drive source, such as a motor etc., the first
helical blade 43q is rotated together with the rotating shaft
43b to transport the developer in the first transport chamber
22c¢ in a direction indicated by an arrow Q. Thereafter, the
developer is transported through the upstream communica-
tion portion 22e into the second transport chamber 22d.
Moreover, because the second helical blade 44a is rotated
together with the rotating shaft 446 which is rotated in
association with the rotating shaft 4354, the second helical
blade 44a transports the developer in the second transport
chamber 224 in a direction indicated by an arrow R to the
deceleration transport portion 51.

The developer is transported at a relatively high rate by
the rotation of the first and second helical blades 43a and
44a. On the other hand, the developer is transported at a
relatively low rate in the vicinity of the deceleration trans-
port portion 51. As a result, even if the developer strikes the
regulation portion 52, the developer is prevented or substan-
tially prevented from bouncing high. Therefore, during
development, the developer is prevented or substantially
prevented from being transported over the outer circumfer-
ential portion of the regulation portion 52. Therefore, the
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developer is transported through the downstream commu-
nication portion 22/ to the first transport chamber 22c.

Thus, the developer is mixed and supplied to the magnetic
roller 21 while being circulated from the first transport
chamber 22¢ to the upstream communication portion 22e,
then to the second transport chamber 224, and then to the
downstream communication portion 22f.

Next, a case where a new supply of the developer is added
through the developer replenishment opening 22g will be
described. When toner is consumed by development, a new
supply of the developer containing carrier particles is add
through the developer replenishment opening 22g to the first
transport chamber 22c.

The newly supplied developer is transported by the first
helical blade 43¢ in the first transport chamber 22¢ in the
direction indicated by the arrow Q in a manner similar to that
during development, and thereafter, is transported through
the upstream communication portion 22e into the second
transport chamber 22d. Moreover, the developer is trans-
ported by the second helical blade 44a in the second
transport chamber 224 in a direction indicated by an arrow
R to the deceleration transport portion 51. When the regu-
lation portion 52 is rotated in association with the rotating
shaft 444, the regulation portion 52 applies a transport force
to the developer in a direction opposite to that in which the
second helical blade 44a transports the developer. On the
other hand, the transport rate of the developer is decreased
in the deceleration transport portion 51. As a result, the
developer is blocked in the vicinity of the deceleration
transport portion 51 located upstream of the regulation
portion 52, so that the developer is accumulated high.
Thereafter, some excess developer (of which the amount is
smaller than that of the new supply of the developer added
through the developer replenishment opening 22g) is trans-
ported over the regulation portion 52, and discharged from
the developer container 22 via the developer discharge
portion 22/.

In the second transport chamber 22d, a toner density
detecting sensor 81 is provided upstream of and adjacent to
the deceleration transport portion 51 in the developer trans-
port direction (the direction indicated by the open arrow in
FIG. 4). Note that, in FIG. 4, the second spiral 44 is located
closer to the viewer viewing the drawing sheet than the toner
density detecting sensor 81, and therefore, the toner density
detecting sensor 81 is indicated using a dashed line.

The toner density detecting sensor 81 may be a magnetic
permeability sensor. The magnetic permeability sensor
detects the magnetic permeability of the developer in the
developer container 22. The toner density detecting sensor
81 is configured to output, when detecting the magnetic
permeability of the developer, a voltage value corresponding
to the result of the detection to a control unit (not shown).
The control unit is configured to determine the density of the
toner based on the output value of the toner density detecting
sensor 81.

The output value of the toner density detecting sensor 81
varies depending on the toner density. As the toner density
increases, the ratio of the toner particles to the magnetic
carrier particles increases, i.e., the proportion of the toner,
which does not allow a magnetic field to be formed therein,
increases. Therefore, the output value of the toner density
detecting sensor 81 decreases. On the other hand, as the
toner density decreases, the ratio of the toner particles to the
carrier particles decreases, i.e., the proportion of the carrier
particles, which form a magnetic field therein, increases.
Therefore, the output value of the toner density detecting
sensor 81 increases.
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A scraper 82 is provided at a portion of the second spiral
44 which faces the toner density detecting sensor 81. The
scraper 82 has, for example, a structure in which a layer of
non-woven fabric is provided on a flexible film which is a
substrate. The scraper 82 is attached to a scraper supporting
portion (not shown) which is formed on the rotating shaft
445 of the second spiral 44, and is in parallel to the rotating
shaft 445. When the scraper 82 is rotated in association with
the rotating shaft 445, the scraper 82 cleans the detection
surface of the toner density detecting sensor 81 by rubbing.
Moreover, the developer is prevented or substantially pre-
vented from being accumulated in a region where the toner
density detecting sensor 81 is provided.

As shown in FIGS. 4 and 5, the shutter 70 is a generally
cylindrical member. The shutter 70 is put on the developer
discharge portion 22/ (the developer discharge portion 22/
is inserted into the shutter 70’s cylinder) so that the shutter
70 is allowed to rotate in a circumferential direction (a
direction indicated by a reference character “B”) about a
center axis of the developer discharge portion 22/ (a center
axis of the rotating shaft 446 of the second spiral 44). As
shown in FIGS. 6 and 7, the shutter 70 includes a cylindrical
portion 71 which is allowed to slide along the outer circum-
ferential surface of the developer discharge portion 22/. The
cylindrical portion 71 has an opening 71a. As shown in FIG.
6, the opening 71a is oriented in a horizontal direction when
the image forming apparatus 1 is shipped (or when the
development device 2 packed separately from the body of
the image forming apparatus 1 is shipped). Therefore, the
shutter 70 closes the outlet 65 (see FIG. 7) of the developer
discharge portion 22/. On the other hand, during develop-
ment, as shown in FIG. 7 the opening 71« is oriented in a
vertically downward direction (towards a lower position)
and the shutter 70 opens the outlet 65 of the developer
discharge portion 22/. Note that FIGS. 6 and 7 are perspec-
tive views showing the outlet 65 of the development device
2 as viewed from below.

As shown in FIG. 8, an inner gear is formed on an inner
circumferential surface of the cylindrical portion 71 of the
shutter 70. As shown in FIGS. 4 and 8, a drive gear 66 is
fixed to an end portion closer to the outlet 65 of the rotating
shaft 445 of the second spiral 44. The drive gear 66 is
engaged with the inner gear of the shutter 70. Therefore, the
development device 2 is driven, whereby the second spiral
44 and the drive gear 66 rotate, so that, in association with
this, the shutter 70 is driven (rotated). As a result, the outlet
65 of the developer discharge portion 22/ is opened. Note
that the second spiral 44 and the drive gear 66 form a “drive
mechanism” according to an example of the present disclo-
sure.

In the development device 2, when the second spiral 44
and the drive gear 66 are driven to rotate, so that the shutter
70 transitions from the state of FIG. 6 to the state of FIG. 7,
the shutter 70 is not allowed to rotate further. For example,
a contact member (not shown) may be provided in the
developer container 22, and a torque limiter (not shown)
may be provided in the shutter 70. The contact member
strikes or comes into contact with a portion (a protruding
portion 72 described below, etc.) of the shutter 70 when the
shutter 70 is rotated until the shutter is in the state of FIG.
7. With this configuration, when the shutter 70 is rotated
until the shutter is in the state of FIG. 7, the shutter 70 is not
allowed to rotate further. In this case, the outlet 65 is allowed
to be always open.

The shutter 70 includes the protruding portion 72 which
protrudes from the outer circumferential surface of the
cylindrical portion 71. A detection sensor 83 is provided in
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the vicinity of the protruding portion 72. The detection
sensor 83 is fixed to the body of the image forming apparatus
1. The detection sensor 83 detects the opening and closing
of the outlet 65.

The detection sensor 83 is, for example, an optical sensor.
In this case, the detection sensor 83 includes a light emitting
unit 83a and a light receiving unit 8356. The detection sensor
83 is arranged so that the protruding portion 72 of the shutter
70 is allowed to pass between the light emitting unit 83« and
the light receiving unit 835. When the protruding portion 72
is not located between the light emitting unit 83a and the
light receiving unit 835 (the state of FIG. 6), light S emitted
from the light emitting unit 83a reaches the light receiving
unit 835. On the other hand, when the protruding portion 72
is located between the light emitting unit 83a and the light
receiving unit 835 (the state of FIG. 7), the light S emitted
from the light emitting unit 83« is blocked by the protruding
portion 72 and therefore does not reach the light receiving
unit 835. It is possible to detect a rotational angle of the
shutter 70 by using the detection sensor 83. Therefore, the
open and closed states of the outlet 65 can be detected. For
example, in this embodiment, when the light receiving unit
835 receives the light S as shown in FIG. 6, the closed state
of'the outlet 65 is detected. When the light receiving unit 835
does not receive the light S as shown in FIG. 7, the open
state of the outlet 65 is detected.

The detection sensor 83 is configured to output to a
control unit (not shown) a voltage value corresponding to
the detection result of the light receiving unit 835. When the
detection sensor 83 detects the closed state of the outlet 65
during the development process, the control unit warns the
user that the outlet 65 is closed. For example, a warning unit
(not shown) capable of warning the user is electrically
connected to the control unit. The warning unit may be a
display unit, such as a control panel etc., which is configured
to display a warning statement to the user. Alternatively, the
warning unit may be an alarm sound generator which is
configured to makes an alarm sound to the user.

Next, operations of the shutter 70 etc. will be described.
As shown in FIG. 6, the shutter 70 closes the outlet 65 when
the image forming apparatus 1 is transported (shipped).
Therefore, even when the image forming apparatus 1 in
which the development device 2 is mounted is transported,
the developer loaded in the development device 2 is not
likely to leak from the outlet 65 due to vibration, shock, etc.
during transportation. This holds true for the case where the
development device 2 packed separately from the body of
the image forming apparatus 1 is transported (shipped).

When the image forming apparatus 1 is brought to the
user and a service man sets up (initializes) the image
forming apparatus 1, then the development device 2 starts to
be driven and the second spiral 44 is rotated. As a result, the
drive gear 66 is rotated, so that the shutter 70 is rotated by
a predetermined amount. As a result, the opening 71a of the
shutter 70 is oriented in a vertically downward direction
(towards a lower position), so that the outlet 65 is opened,
and the protruding portion 72 strikes or comes into contact
with the contact member to stop the rotation of the shutter
70. In this case, the protruding portion 72 is located between
the light emitting unit 83« and the light receiving unit 835,
whereby the detection sensor 83 detects the open state of the
outlet 65.

When the outlet 65 is opened, the outlet 65 is in commu-
nication with the transport pipe (not shown), to allow the
developer to be discharged through the outlet 65. The
developer discharged through the outlet 65 is transported
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through the transport pipe to the collecting container (not
shown), in which the developer is then stored.

In this embodiment, as described above, the shutter 70 can
open and close the outlet 65 through which excess developer
can be discharged from the developer container 22. There-
fore, the outlet 65 can be closed by the shutter 70, whereby
the developer can be prevented or substantially prevented
from leaking through the outlet 65 due to vibration, shock,
etc. during transportation. The drive mechanism (the second
spiral 44 and the drive gear 66) drives the shutter 70 in
association with driving of the mixing/transporting member
42, to open the outlet 65. As a result, the outlet 65 can be
prevented or substantially prevented from remaining closed
even after the development device has begun to operate.
Therefore, the occurrence of a situation that the pressure of
the developer increases in the vicinity of the outlet 65 and
therefore the second spiral 44 for transporting the developer
is locked (malfunction) can be prevented or substantially
prevented.

As described above, the second spiral 44 (the mixing/
transporting member 42) also serves as a drive mechanism.
Therefore, the shutter 70 can be easily driven in association
with driving of the mixing/transporting member 42.

As described above, the outlet 65 can be easily opened by
the shutter 70 being slid along the outer circumferential
surface of the developer discharge portion 224.

As described above, the second spiral 44 (the mixing/
transporting member 42), and the drive gear 66 provided at
a portion closer to the outlet 65 of the second spiral 44, form
a drive mechanism. The inner gear which is engaged with
the drive gear 66 is formed on the inner circumferential
surface of the shutter 70. As a result, the shutter 70 can be
easily driven to slide along the outer circumferential surface
of'the developer discharge portion 22/, about the center axis
of the developer discharge portion 224.

As described above, the detection sensor 83 detects the
open and closed states of the outlet 65. As a result, if the
outlet 65 is in the closed state due to a fault etc. in the drive
mechanism, the closed state of the outlet 65 can be detected
by the detection sensor 83. Therefore, the occurrence of the
situation that the pressure of the developer increases in the
vicinity of the outlet 65 and therefore the second spiral 44
for transporting the developer is locked (malfunction) can be
reduced or prevented.

As described above, if the closed state of the outlet 65 is
detected by the detection sensor 83 during the development
process, the user is warned that the outlet 65 is closed. As a
result, the user can be notified that the outlet 65 is closed. In
addition, the develop process can be prevented or substan-
tially prevented from being performed while the outlet 65 is
in the closed state. Therefore, the occurrence of the situation
that the pressure of the developer increases in the vicinity of
the outlet 65 and therefore the second spiral 44 for trans-
porting the developer is locked (malfunction) can be reduced
or prevented.

The embodiment described above is considered to be
illustrative in all respects and not restrictive, the scope of the
present disclosure being indicated by the appended claims
rather than by the foregoing description. The present dis-
closure includes all modifications and equivalents as defined
by the appended claims.

For example, although the tandem color printer of FIG. 1
is illustrated in the above embodiment, the present disclo-
sure is not limited to this. The present disclosure is appli-
cable to various image forming apparatuses including a
development device including an opening/closing member
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for opening and closing a developer outlet, such as a digital
or analog monochromatic copy machine, color copy
machine, fax machine, etc.

Although, in the above illustrative embodiment, the shut-
ter is driven by the mixing/transporting member and the
drive gear, the present disclosure is not limited to this. The
shutter may be driven by another drive mechanism instead
of the mixing/transporting member and the drive gear.

Although, in the above illustrative embodiment, the shut-
ter is slid and rotated along the outer circumferential surface
of the pipe-like transport path, about the center axis of the
pipe-like transport path, the present disclosure is not limited
to this. The shutter may be slid along the outer circumfer-
ential surface of the pipe-like transport path in a direction in
which the center axis of the pipe-like transport path extends.

Although, in the above illustrative embodiment, the
torque limiter is provided, and the contact member is pro-
vided on the developer container, in order to prevent the
shutter from rotating by a predetermined angle or more, the
present disclosure is not limited to this. The torque limiter
and the contact member may be removed. In this case, the
shutter continues to rotate, and therefore, the outlet (devel-
oper outlet) is repeatedly and alternately brought to the open
and closed states. However, the pressure of the developer
can be prevented or substantially prevented from increasing
to a predetermined value or more in the vicinity of the
developer outlet.

Although, in the above illustrative embodiment, the light
receiving unit receives light when the outlet is in the closed
state as shown in FIG. 6 and does not receive light when the
outlet is in the open state as shown in FIG. 7, the present
disclosure is not limited to this. The position of the protrud-
ing portion or the detection sensor may be changed so that
the light receiving unit does not receive light when the outlet
is in the closed state and receives light when the outlet is in
the open state.

Although the detection sensor is an optical sensor in the
above illustrative embodiment, the present disclosure is not
limited to this. The detection sensor may be, for example, a
magnetic permeability sensor. In this case, the protruding
portion may be formed of a magnetic material. A side
surface of the cylindrical portion of the shutter may be
formed of a magnetic material and a non-magnetic material,
and the magnetic permeability sensor may be arranged to
face the side surface of the cylindrical portion of the shutter.
In this case, the rotational angle of the shutter can be
detected based on an output of the magnetic permeability
sensor.

Although, in the above illustrative embodiment, the detec-
tion sensor is provided in order to detect the open and closed
states of the outlet (developer outlet), the detection sensor
may not be provided.

Although, in the above illustrative embodiment, the drive
mechanism and the shutter are configured to only open the
outlet, the present disclosure is not limited to this. The drive
mechanism and the shutter may be configured to be able to
close the outlet again. This configuration can prevent or
substantially prevent the developer from leaking through the
outlet when the development device is replaced, the place
where the image forming apparatus is installed is changed,
etc. Note that, in this case, for example, an outlet close/open
button, an image forming apparatus transport button, etc. are
suitably provided in a control panel etc. When the user
presses these buttons, the drive mechanism and the shutter
may be reversely rotated to close the outlet again.

In the above illustrative embodiment, the drive mecha-
nism is configured to drive the opening/closing member in
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association with driving of the mixing/transporting member.
Alternatively, the drive mechanism may be configured to
drive the opening/closing member in association with driv-
ing of the developer bearing member.

At a peripheral portion of the outlet, a sealing member
may be provided between the outer circumferential surface
of the developer discharge portion and the inner circumfer-
ential surface of the shutter. In this case, the developer can
be prevented or substantially prevented from leaking
through a gap between the developer discharge portion and
the shutter.

What is claimed is:

1. A development device comprising:

a developer container configured to contain a developer;

a developer bearing member configured to be rotatably
supported by the developer container, have a surface
facing an image bearing member on which an electro-
static latent image is to be formed, and bear the
developer on the surface;

a mixing/transporting member configured to mix and
transport the developer in the developer container;

an opening/closing member configured to open and close
a developer outlet for discharging an excess of the
developer in the developer container;

a pipe-like transport path provided in the developer con-
tainer and configured to transport the developer and
have an outer circumferential surface in which the
developer outlet is formed; and

a drive mechanism configured to drive the opening/
closing member in association with driving of the
mixing/transporting member to open the developer
outlet by sliding the opening/closing member along the
outer circumferential surface of the pipe-like transport
path about a center axis of the pipe-like transport path,
wherein

the mixing/transporting member also serves as the drive
mechanism,

the opening/closing member has an opening,

before the opening/closing member is driven, the opening
does not overlap with the developer outlet and the
opening/closing member is in a state closing the devel-
oper outlet,

when the opening/closing member slides along the outer
circumferential surface of the pipe-like transport path
such that the opening overlaps with the developer
outlet, the opening/closing member transitions from the
state closing the developer outlet to a state opening the
developer outlet,

once the opening overlaps with the developer outlet, the
opening/closing member stops and then is not driven in
association with driving of the mixing/transporting
member to be kept in the state opening the developer
outlet.

2. The development device of claim 1, further comprising:

a drive gear provided on the mixing/transporting member,

wherein
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the opening/closing member has an inner circumferential
surface on which an inner gear engaged with the drive
gear is provided, and

the mixing/transporting member and the drive gear form
the drive mechanism.

3. The development device of claim 1, further comprising:

a detection sensor configured to detect an open state and
a closed state of the developer outlet.

4. The development device of claim 3, wherein

the detection sensor is an optical sensor.

5. The development device of claim 3, wherein

at least a portion of the opening/closing member is formed
of a magnetic material, and

the detection sensor is a magnetic permeability sensor.

6. The development device of claim 1, further comprising:

a deceleration transport portion provided in the developer
container and configured to decrease a transport rate of
the developer transported by the mixing/transporting
member.

7. The development device of claim 6, further comprising:

a regulation portion provided in the developer container
and located downstream of the deceleration transport
portion in a direction in which the developer is trans-
ported, and configured to block the developer trans-
ported from the deceleration transport portion and
transport, to the developer outlet, the developer in
excess of a predetermined amount.

8. The development device of claim 7, wherein

the mixing/transporting member includes a helical blade
that extends in a same direction as a direction in which
the center axis of the pipe-like transport path extends,

the deceleration transport portion includes a helical blade
wound in a same direction as the helical blade of the
mixing/transporting member,

the helical blade of the deceleration transport portion is
located downstream of the helical blade of the mixing/
transporting member in the direction in which the
developer is transported,

a pitch of the helical blade of the deceleration transport
portion is smaller than a pitch of the helical blade of the
mixing/transporting member,

the regulation portion includes a helical blade wound in
an opposite direction to a direction in which the mix-
ing/transporting member is wound, and

a pitch of the helical blade of the regulation portion is
smaller than the pitch of the helical blade of the
mixing/transporting member.

9. An image forming apparatus comprising:

the development device of claim 1.

10. The image forming apparatus of claim 9, further

comprising:

a detection sensor configured to detect an open state and
a closed state of the developer outlet; and

a warning unit configured to warn that the developer
outlet is closed, when the detection sensor detects the
closed state of the developer outlet during a develop-
ment process.



